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TITLE OP THE INVENTION 

METHOD FOR MANUFACTURING A LIGHT EMITTING DEVICE 

BACKGROUND OF THE INVENTION 
5 The present invention relates to a method for 

manufacturing a light emitting device. 

Fig. 17 is a sectional view of a conventional LED device 

disclosed in US Patent 6,069,440. The white LED device 20 

comprises a substrate 23, electrodes 21 and 22 secured to 
10 the substrate 23 and a blue LED 24 mounted on the substrate 

23, The LED 24 is connected to the electrodes 21 and 22 by 

lead wires 25. The LED 24 and electrodes 21, 22 are 

encapsulated with a transparent encapsulating resin 27. 

In the resin 27, fluorescent materials of YAG group 
15 is mixed. The fluorescent material comprises phosphor 

particles 26. 

When the current is applied to the blue LED 24 via 

electrodes 21 and 22, the LED emits blue light Pb. When a 

portion of the blue light impinges upon the phosphor particle , 
20 the phosphor particle absorbs the blue light and emits yellow 

light Py. When the yellow light Py and the blue light Pb 

are combined, white light Pw is created. 

Furthermore, US Patent 6,319,425 discloses an LED 

covered by a cap in which fluorescent material is included. 
25 Further, US Patent 6,351,069 discloses an LED 

encapsulated by a transparent resin in which two kinds of 

phosphor particles are included, thereby producing white 

light. 
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However, since the LED is a compound semiconductor, 
there is wide variation in chroma ticity and luminance of 
products. Further, the chromaticity and luminance of the 
mixed white light Pw also vary widely because of difference 
5 of quantity and distribution of the phosphor particles in 
the encapsulating resin. 

Figs. 18 and 19 are graphs showing numeric data widely 
varied in chromaticity and luminance of LED devices. 

Fig. 18 is a graph of XYZ coordinates showing 
10 variation in chromaticity of LED devices by 1 lot mass 
production . Each black point indicates the chromaticity of 
an LED device. The variation is in an upward zonal 
arrangement. Here, the dispersion of black points in the 
width direction shown by the letter A means the variation 
15 of chromaticity of the blue LED, the dispersion in the 
longitudinal direction shown by the letter B means the 
variation of quantity and distribution of the phosphor 
particles in the encapsulating resin. 

An LED device having chromaticity which is largely 
20 deviated from a central value in Fig. 18 can not be used as 
a device for emitting white light. It is frequently 
desirable that the LED device has chromaticity in a central 
range shown by hatching where X and Y are in a range of 0 . 33 
±0.01. 

25 In the graph of Fig. 19, the horizontal axis shows 

luminance and the vertical axis shows the number of T.ttn 
devices . The luminance variation is distributed in +30% to 
-40% range from the center of the distribution. How ver, 
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a desirable range is about ± 20% as shown by arrows in Pig. 
19. 

SUMMARY OF THE INVENTION 
5 An object of the present invention is to provide a 

method which may correct the chromaticity and luminance to 
desired values. 

According to the present invention, there is provided 
a method for manufacturing a white light emitting device 

10 comprising the steps of classifying wavelengths and 
luminances of lights emitted from light emitting elements 
into ranks respectively , providing various kinds of 
combinations of a fluorescent material for converting the 
wavelength of the light emitted from the light emitting 

15 element and a luminance reducing material for adjusting the 
luminance of the light, in accordance with the rank 
classification of the wavelength and luminance of the light, 
manufacturing a plurality of cover members, in each of the 
cover members a fluorescent material and a luminance 

20 reducing material of one of combinations are mixed, 
selecting the light emitting element and the cover member, 
integrating the selected light emitting element and cover 
member. 

Both the phosphor particles and luminance reducing 
25 material may be included in a same cover member. 

The cover member may comprise a first cover m emb er 
mixing the fluorescent material, and a second cover member 
mixing the luminance reducing member. 
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The case member is formed with elastomer of silicon 
group in which the fluorescent material and the luminance 
reducing material are mixed. 

The luminance reducing material is pigment or dye for 
5 reducing the luminance irrespective of the wavelength of the 
light emitting from the light emitting element. 

The light emitting element is mounted on a substrate 
to be integrated with the substrate as a light emitting 
element unit. 

10 The present invention further provides a method for 

manufacturing a white light emitting device comprising the 
steps of measuring chromaticities and luminances of lights 
emitted from a plurality of blue light emitting elements, 
classifying the measured chromaticities and luminances of 

15 lights emitted from the light emitting elements into ranks 
respectively, manufacturing a plurality of cover members, 
which are different from each other in accordance with the 
rank classification of the blue light emitting elements, 
combining the blue light emitting element and the cover 

20 member which are suitable to be combined according to the 
ranking and setting the combined blue light emitting 
element and cover element in a case body in an integrated 
state . 

The present invention also provides a method for 
25 manufacturing a white light emitting device comprising the 
steps of measuring chromaticities and luminances of lights 
emitted from a plurality of blue light emitting elements, 
classifying the measured chromaticities and luminances of 
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lights emitted from the light emitting elements into ranks 
respectively, manufacturing a case assembly having a 
plurality of case bodies , mounting a plurality of blue light 
emitting elements belonging to a same rank in case bodies, 
5 manufacturing a plurality of cover members including various 
fluorescent materials and luminance reducing materials, 
securing cover members having a same condition as the blue 
light emitting elements mounted on the case assembly to the 
case bodies to produce complete light emitting devices and 
10 separating the complete light emitting devices from the case 
assembly . 

The cover members corresponding to the case bodies on 
the case assembly are connected with each other to form a 
cover member assembly, each of the cover members is located 
15 at a position corresponding to a case body on the case assembly . 

The fluorescent materials and the luminance reducing 
materials in the cover members in the cover member assembly 
are nearly identical in mixing condition* 

The case body has a recess having a reflection face, 
20 and the light emitting element is mounted on a bottom of the 
recess , and the cover member is mounted in the recess . 

The light emitting element is an l*ED of InGaN group. 

The fluorescent material is a fluorescent material 
of YAG group. 

25 The luminance reducing material is a pigment of black . 

The casebody comprises apair of metal cores , the surface 
of the metal cores are coated with bright plating. 

These and other objects and features of the present 
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invention will become more apparent from the following 
detailed description with reference to the accompanying 
drawings * 

5 BRIEF DESCRIPTION OF DRAWINGS 

Fig, 1 is a perspective view of an LED device of the 
present invention before the cover member being mounted; 
Fig- 2 is a sectional view of a finished LED device; 
Fig. 3 is a graph showing distribution of measured 
10 wavelengths of the emitted lights ; 

Fig. 4 is a graph showing distribution of measured 
luminance of the emitted lights; 

Fig. 5 is a ranking of wavelengths ; 
Fig. 6 is a ranking of luminance; 
15 Fig. 7 is a ranking of wavelengths of lights emitted 

from cover members; 

Fig. 8 is a ranking of pigment mixing ratio of cover 
members ; 

Fig. 9 is a graph showing the combination of ranks; 
20 Fig. 10 is a graph showing a part of the chroma ticity 

coordinates of the chroma ticity correction; 

Fig. 11 is a table showing a luminance correcting 
effect by the combination; 

Fig. 12 is a perspective view showing steps for 
25 manufacturing LED device of the present invention at every 
group ; 

Fig. 13 is a perspective view of a case assembly; 
Fig. 14 is a per sp ctive view of the case assembly 



6 



03-09-24;04:21PM;GIJUTSU KAIHATSU CO. 



DENN I SON 



» 



# 11/ 33 



before mounting an LED; 

Fig. 15 is a perspective view showing mounting 
operation of the cover member; 

Fig. 16 is a perspective view showing LED devices 
5 separating step from an assembly board; 

Fig . 17 is a sectional view of a conventional LED device ; 

and, 

Figs. 18 and 19 are graphs showing dispersion in 
chroma ticity and luminance of LED devices. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 is a perspective view of an LED device of the 
present invention before the cover member being mounted, and 
Fig. 2 is a sectional view of the LED device after the cover 

15 member being mounted. 

Referring to Fig. 1, a white LED device 1 comprises 
a cubic case 2 made of metal having a high heat conductivity 
such as Mg group, Al group and Cu group, and having a recess 
2b of an inverted truncated cone. The case 2 comprises a 

20 pair of first and second half metal cores 3a an d 3b, 
interposing an insulation layer 4 made of resin and charged 
in a slit 2c. The inside wall of the recess 2b is processed 
into a light reflection surface by silver plating. A light 
emitting element unit 6 is mounted in the recess 2b. The 

25 light emitting element unit 6 comprises a substrate 6a 
secured to the metal cores 3a and 3b by a solder, a blue LED 
5 as a light emitting element mounted on the substrate 6a, 
bumps 6b so as to apply the current to the light emitting 
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element unit 6 thereby. The underside of the LED 5 is 
encapsulated by a resin 6c to protect the bumps 6b. 

A cover member 7 of transparent resin has an outside 
shape so as to engage with the recess 2b. If required, the 
5 cover member 7 is secured to the recess 2b by caulking or 
an adhesive . In the cover member 7 , YAG phosphor particles 
7a, and pigment or dye particles 7b as a luminance reducing 
material are mixed . The phosphor particle 7a and the pigment 
particle 7b are selected so that the chromaticity of the light 

10 emitted from the LED 5 is corrected to desired chromaticity. 

In operation, when the current is applied to the metal 
cores 3a and 3b, the current is applied to the blue LED 5 
via the substrate 6a and bumps 6b. Thus the LED 5 is excited 
to emit blue light . When a part of the blue light impinges 

15 upon the phosphor particle 7a, the blue light is absorbed 
in the phosphor particle 7a and the particle emits yellow 
light. When the yellow light and the blue light which does 
not impinge upon the phosphor particle are mixed, white light 
Pw produces . Further, the chromaticity and luminance of the 

20 white light are corrected to desired chromaticity and 
luminance by the phosphor particle 7a and the pigment 
particles 7b. 

Next, the method for selecting the cover member having 
the phosphor material and the pigment in the manufacturing 

25 steps of the LED device of the present invention is described 
hereinafter . 

At the step of measuring the wavelength and the luminance 
of the light emitted from the blue LED are measured by an 
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LED tester, the blue LEDs are classified into groups* 

Fig. 3 is a graph showing distribution of measured 
wavelengths of the emitted lights. The horizontal axis 
designates the wavelength and the vertical axis designates 
5 the number of LED devices. The wavelength is distributed 
between 460 and 480 nm about peak 470 nm. 

Fig. 4 is a graph showing distribution of measured 
luminance of the emitted lights. The horizontal axis 
designates the luminance and the vertical axis designates 
10 the number of LED devices. The luminance is distributed 
between 0 . 2 and 2.4, The light emitting elements having less 
than 0.6 luminance are not used for the device because of 
their low luminance. 

The distribution data of the wavelength and luminance 
15 are classified into four groups. 

Fig. 5 shows ranking groups of wavelengths. The 
wavelength is classified into ranking numbers al ~ a4 in the 
range between 462 and 478. The range of one group is 4 nm. 

Fig. 6 shows ranking groups of luminance. The 
20 luminance classified into ranking numbers bl ~ b4 in the 
range between 0 , 6 and 2.0. The range of one group is 1 . 35 . 

Thus , the blue LED is classified into 1 6 groups (4 groups 
X 4 groups = 16 groups) . Namely, 16 ranking groups are 
indicated as albl, alb2, . . . a4b4. 
25 Next, the wavelength of yellow light produced by the 

impinging of blue light upon the phosphor particles 7a is 
classified into four ranks. The wavelength of the yellow 
light can be changed by changing the ratio between 
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components of the phosphor material of the YAG group such 
as gallium and gadolinium. Here, phosphor materials having 
a peak wavelength 570 nm are classified into four ranks in 
a range between 560 nm and 580 nm. 
5 The classified phosphor materials 7a are mixed in 

cover members 7. 

Fig. 7 is a ranking of wavelengths of yellow lights 
emitted from phosphor particles 7a. The wavelength is 
classified into four ranking numbers cl +> c4 . The range of 
10 one group is 5 nm. 

As described above, the pigment particles 7b are mixed 
in the cover member 7 in order to correct the luminance to 
a desired luminance. The luminance is changed by changing 
the mixing ratio. 
15 Fig. 8 is ranking groups of mixing ratio of pigment. 

The mixing ratio of luminance pigment is classified into four 
ranking groups dl d4 in the range between 0 . 6 and 2.0. The 
range of the mixing ratio is between 0% and 45%. 

Thus, the cover member 7 is classified into 16 ranks 
20 (4 groups X 4 groups = 16 groups) . Namely, 16 ranking groups 
are indicated as ddl, cld2, . . . c4d4. 

Next, the wavelength and luminance groups of LED 5 
and the groups of the wavelength due to the phosphor particle 
and pigment groups are combined. Pig. 9 shows the complete 
25 combination of groups , For example , the group Gl complements 
the group al which is a shorter side of the central wavelength 
470 nm of the light emitted from the LED and the rank cl which 
is a shorter side of th central wavelength 570 nm of the 
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light emitted from the phosphor particles. 

Similarly/ groups G2 * G4 are combinations of 
wavelength ranking groups a2 ~ a4 and wavelength ranking 
groups c2 - c4. 

5 Further, for example, the group Gl is combination of 

the rank bl which is the smallest ranking group of luminance 
of the LED and the rank dl which is the smallest mixing ratio 
of the pigment 7b. 

Fig. 10 is a graph showing a part of the chroma ticity 

10 coordinates of the chroma ticity correction. Lines Gl ~ G4 
show change of chromaticity of white light emitted from the 
LED device based on the groups Gl G4 . Here , the left lower 
range PI of the lines Gl - G4 is chromaticity of light emitted 
from LED devices in which mixing quantity of phosphor 

15 particle is small, so that the white light is bluish. The 
right upper range P2 of the lines Gl G4 is chromaticity 
of light emitted from LED device in which mixing quantity 
of phosphor particle is large, so that the white light is 
yellowish. 

20 Here, the ranking group Gl of the wavelength for LED 

5 is al which is the shortest wavelength. Therefore, the 
value of the X-coordinate in the range Pi is the largest value , 
and the value of the Y-coordinate is the smallest value. 
Thus, the chromaticity of the light is almost blue. 

25 Furthermore , the wavelength ranking group of the cover 

member for Gl is cl which is the shortest wavelength. 
Therefore , the value of the X-coordinate in the range P2 is 
the smallest value, and the value of the Y-coordinate is the 
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largest value. Thus, the chroma ticity of the light is 
almost green. 

Further, the rank of the wavelength of the group G4 
is a4 which is characterized by the longest wavelength of 
5 the LED 5. Therefore, the value of the X-coordinate in the 
range PI is the smallest value, and the value of the 
Y-coordinate is the largest value. Thus, the chromaticity 
of the light is greenish compared to other groups . 

Furthermore, the rank of the wavelength of the group 

10 64 is c4 which is characterized by the largest wavelength 
of phosphor particles. Therefore, the value of the 
X-coordinate in the range P2 is the largest value, and the 
value of the Y-coordinate is the smallest value . Thus , the 
chromaticity of the light is reddish compared to other groups . 

15 Thus, it will be understood that, by combining the LED 

5 and the cover member in which phosphor particles are mixed, 
the groups Gl - 64 change in inclination of chromaticity 
with the difference of wavelength, and that the chromaticity 
of groups Gl - G4 can be corrected to chromaticity in the 

20 desired area shown by hatching by changing the quantity of 
phosphor particles in the cover member 7 . As to other groups 
G5 G16, the same effect is provided. 

Fig. 11 is a table showing a luminance correcting 
effect by the combination of the LED 5 and the cover me mb er 

25 7. The horizontal axis shows relative luminance. Since 
the luminance of the light emitted from the LED 5 is 
classified into four ranks bl - b4, the l umi nance before 
combining the cover member 7 is dispersed into four ranks 
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bl ~ b4 as shown in the table. 

As shown in Fig. 9, when the LED 5 in ranking group 
bl is combined with the cover member 7 in ranking group dl , 
the ranking group b2 is combined with ranking group d2 , the 
5 ranking group b3 is combined with the ranking group d3 , and 
the ranking b4 is combined with the ranking group d4, 
luminance of all ranks is corrected to the luminance of rank 
bl as shown by arrows in Fig. 11, 

More particularly , since the LED 5 in the ranking group 
10 bl of the darkest is combined with the cover member 7 in the 
ranking group dl of the lowest mixing ratio 0%, the white 
light Pw passes through the cover member 7 without 
interference of pigment. Since the LED 5 in the ranking 
group b4 having the highest luminance is combined with the 
15 cover member 7 in the ranking group d4 having the highest 
mixing ratio 45% , the white light Pw is interfered by the 
pigment , so that the luminance reduces to the level of rank 
bl. As a result, all white lights converge to the rank bl. 
When required luminance is not so severe for example, 
20 the required range is 0 . 6 to 1 . 1 , ranks bl and b2 are combined 
with rank dl , rank b3 is combined with rank 62 , and rank b4 
with rank d3. Thus, as shown by broken line arrows in Fig. 
11, the ranks converge to the rank b2. 

Fig. 12 is a perspective view showing steps for 
25 manufacturing LED device of the present invention at every 
group. LEDs 5 each mounted on the substrate 6a and cover 
member 7 are divided into sixteen groups Gl ~ G16, and mounted 
in cases 2 at every group . For example , the LED 5 in ranking 
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group albl is mounted in th case 2 , and then the cover member 
7 in the ranking group cldl is mounted in the cas 2 , thereby 
to produce the LED device 1 in the ranking group Gl . When 
the LED device 1 belonging to the group G2 , the LED 5 in the 
5 ranking groups a2bl and the cover member 7 in the ranking 
group c2dl are mounted in the case 2, respectively. Other 
LED devices belonging to other groups are manufactured by 
the same method. 

Hereinafter describes a method for manufacturing a 

10 plurality of LED devices at the same time. 

Fig. 13 is a perspective view of a case assembly 10. 
The case assembly 10 is made of metal such as Mg alloy by 
injection molding. 

The case assembly 10 is divided into nine areas 12 for 

15 nine LED devices by dicing lines 13 and 14. The recess 2b 
is formed in each area 12 at a central portion. Three slits 
2c are formed in parallel to the lines 13 except the both 
end portions so as not to separate the case assembly 10. 
Each of the slits 2c is charged with the insulation resin 

20 4. The wall of the recess 2b is processed into a glossy 
surface 2d by Ag plating. 

Next, nine LEDs 5 each mounted on the substrate 6a, 
belonging to the same group are mounted in the recesses 2b 
as shown in Fig. 14. 

25 Fig. 15 is a perspective view showing mounting 

operation of the cover member 7 . Nine cover members 7 , each 
belonging to the same group as the group of the LED 5 are 
connected by connecting member 11a of the same material as 
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the cover member 7 t corresponding to the recesses 2b to form 
an cover member assembly 11. For example, if the group of 
the LED 5 is group G4 in ranking group a4bl, the group of 
the cover member 7 of the assembly 11 is also group G4 in 
5 the ranking group c4dl. 

Cover members 7 of the assembly 11 are mounted in the 
recesses 2b of the case assembly 10 and secured by caulking 
or adhesive to the walls of the recesses 2b. Thereafter , 
the connecting members 11a are cut off by a tool. 
10 Fig. 16 is a perspective view showing a separating 

step of the case assembly 10. As shown in Fig. 16, the case 
assembly 10 is cut off along the dicing lines 13 and 14 to 
separate the independent LED device 1. 

In accordance with the present invention, the light 
15 emitting elements and cover members belonging to group for 
obtaining a desired characteristic are combined. 

^Therefore, the light emitting element device can be 
manufactured at a high yield. 

While the invention has been described in conjunction 
20 with preferred specific embodiment thereof, it will be 
understood that this description is intended to illustrate 
and not limit the scope of the invention, which is defined 
by the following claims. 
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